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The  "Initrumentation  of  8-lnch  Qun  Fired 
Ponetratora"  aection  of  this  re^rt  waa  written  bv 
R.  D.-  Bentley  and  W.  R.  Wood  of  Inatrumentatlon 
Applicatlona  Dlvlaion  11  B482. 
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Location  of  Test  Noi.  464014-01  and  -06  through  *09,  and  Test  Noi,  740718A 
through  740718B 

Location  of  Teat  Nob.  404014-01  through -04 

DNA  6.  0-lnoh  penetrator  ^ 

Teat  R4S4014-01,  7/13/74,  low  g accelerometer  (tnemory  ciulbrated), 
deceleration  va.  time  , 

Teat  R484014  -01,  7/13/74,  low  g accelerometer,  10.6  tcHa  (real  time  cali- 
brated), 480  HbLPF,  deceleration  va.  time 

Teat  484014-03,  7/13/74,  low  g accelerometer  (memory  calibrated), 
deceleration  va.  time 

Teat  404014-02,.  .7/13/74,  low  g accelerometer,  10,  8 kHa  (real  time  cali- 
brated), 400  HaLPF,  deceleration  va  time 

Teat  R484014-06,  7/18/74,  low  g aooelerometer  (memory  calibrated), 
deceleration  va  time 

Teat  R484014-06,  7/18/74,  low  g accelerometer,  10.8  kHa  (real  time 
uncorrected),  480  Ha  LPF,  deceleration  va.  time 

Teat  R484014-07,  7/16/74,  low  g aooelerometer  (memory  calibrated),, 
deceleration  va.  time 

Teat  R484014-07,  7/18/74,  low  g aooelerometer,  10. 0 kHa  (real  time 
calibrated),  480  Ha  LPF,  deceleration  va.  time 

Deceleration-time  validity  check  - 

a.  Teat  R484014-06,  7/16/74,  low  g aooelerometer  (memory  calibrated), 
dlaplacement  va.time 

b,  Teat  R404014-06,  7/16/74,  low  g aooelerometer  (memory  calibrated), 

200  Ha  LPF,  dlaplacement  va.  time 

a.  Teat  R484014-06,  7/18/74,  low  g aooelerometer,  10.  8 kHa  (real  time 
uncorrected),  480  Ha  LPF,  diaplaeement  va.  time 

b.  Teat  R484014-06,  7/18/74,  low  g aooelerometer,  10,  8 kHa  (realtime 
uncorrected)  300  Ha  LPF,  dlaplacement  va  time 

R-4B4014-03,  real  time,  200  Ha,  LPF,  deoeleration-diaplacement  with 
daahed  line  repreaenting  idealiaed  curve 
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Projectile  Deacription 
Penetrator  and  Penetration  Data 

Layer  Data  Derived  from  Deoeleration-Dlaplacement  Curvea 
Penetration  Prediction  Uaing  Teata  -03  and  -06  Deceleration  Data 


DNA/SANDIA  SOIL  PENETRATION  EXPERIMENT 
AT  DRES:  RESULTS  AND  ANALYSIS 


Introduction  I 

At  a reault  of  recent  improvementa  in  weapon  delivery  accuracy  it  appear!  that  low  yield  earth  I 

penetrating  weapons  can,  in  many  caaet,  replace  high  yield  air  burst  weapons  with  significant  reduc-  H 

tlon  in  collateral  effects  and  with  no  degradation  of  desired  weapon  effscte. 

Recognizing  the  potential  of  earth  penetrators,  ONA  assigned  a project  officer  In  October 
1873  to  survey  past  efforts  and  current  Interest  In  earth  penetration  and  assess  current  state-of- 
the-art.  The  aurvey.  conducted  during  the  period  October  through  December  1873,  pointed  out  that  j 

while  several  empirical  methods  were  available  for  predicting  projectile  penetration  depth  and  de- 
celeration, very  little  work  had  been  done  to  develop  pure  analytical  solutions  such  as  finite - 
dlfferanoe  techniques  baaed  on  first  principlee  of  mechanics.  Due  to  these  findings,  DNA  formu- 
lated a program  for  FY  1974  to  develop  state-of-the-art  studies  for  penetrating  weapons  and  design,  ^ 

to  award  contracts  to  industrial  and  government  laboratories  for  making  empirical  and  theoretical  ' 

calculations  for  a given  projectile's  performance  in  a medium  with  well  defined  mechanical  proper- 
ties, and  to  conduct  actual  field  penetration  tests  In  that  medium  for  comparison  between  calculations  I 

1 ; 

and  field  test  results. 

'l 

In  addition  to  the  penetration  tests  for  calculation  comparison,  tests  to  obtain  data  on  possible  | 

scaling  effects  were  conducted  using  projectiles  with  four  different  diameters  and  weights, 

This  report,  which  describes  the  field  test  portion  of  the  program,  includes  location  and 
description  of  the  teat  site,  projectile  description,  instrumentation,  test  procedures,  teat  results,  ^ 

data  received,  and  data  analysis.  The  comparison  of  actual  field  test  data  results  to  pretest  predi-  j 

ctions  made  by  various  contractors  and  government  laboratories  will  be  covered  in  a separate  DNA 
report. 

Test  Program 


The  objectives  of  the  test  program  were  to: 

1.  Penetrate  3S  to  90  feet  into  the  glacial  lake  bod  located  in  the  vicinity  of  the  Prairie  Flat 
HEST  Test  site  with  a 8.  5-inch-dlameter  400-pound  instrumented  projeotile  and  obtain  a complete 
rigid  body  deceleration-time  profile  of  the  penetration  event. 


2.  Meaaure  atreii  levala  In  the  soil  during  penetration  with  the  use  of  lithiunn  niobate  stress 
2 

gages. 

3,  Conduct  penetration  tests  with  6.  0-,  4. 12S-«  3,06-,  and  1,  56-lnch-diameter  projectiles 
to  obtain  scaling  data. 


An  8 -Inch -diameter,  smooth  bore  recoilless  rifle  barrel  mounted  Invertical  position  for 
projectile  impact  normal  to  surface  accelerated  the  6.6-,  6.0-,  and  4, 125-inch-dlameter  projec- 
tiles to  velocities  up  to  500  fps.  An  air  gun  accelerated  the  3.  06-  and  1. 56-inch  diameter  projec- 
tiles to  velocities  up  to  500  fps. 

Image  motion  and  streak  cameras  measured  impact  velocity  on  each  test,  A Fastax  camera 
(approximately  3000  frames/sec)  recorded  the  firing.  In  addition  to  the  photographic  methods,  an 
electromechanical  method  measured  impact  velocity.  This  system  consists  of  two  printed  circuit 
(PC)  boards,  spaced  one  foot  apart  (vertically)  and  set  over  the  impact  point.  Projectile  travel 
time  between  the  hoards  is  measured  with  an  electronic  counter  that  starts  when  the  projectile 
Impacts  the  top  PC  board  breaking  continuity  in  that  circuit  and  stops  when  the  projectile  impacts 
the  bottom  PC  board.  Since  the  distance  between  boards  is  one  foot,  the  reciprocal  of  the  mea- 
sured time  is  the  projectile  velocity.  The  two  pulses  resulting  from  loss  of  continuity  as  the  PC 
boards  shatter  are  also  recorded  on  magnetic  tape  for  permanent  storage  in  case  the  counter  should 
malfunction. 


The  penetration  tests  were  conducted  in  the  vicinity  of  the  Prairie  Flat  MEST  Test  site  at  the 
Defense  Research  Establishment  Suffleld,  Ralston,  Alberta,  Canada.  Figures  1 and  2 show  the 
location  of  each  tesi  by  test  number  und  relate  thr  test  points  with  the  range  reference  points. 

This  particular  area  was  selected  because  a comprehensive  soil  investigation  had  been  conducted 
there  for  the  HEST  teat  event  and  thus  the  mechanical  properties  of  the  target  material  needed  for 
the  calculations  were  available. 


The  site  is  located  on  an  old  glacial  lake  bed  and  the  near  surface  deposits  consist  of  thin 
alternating  layers  of  sand,  silt,  and  clay  sized  particles.  (Although  the  vertical  profile  of  the  target 
is  layered,  it  was  expected  that  the  materials  would  be  similar  in  the  horizontal  direction  and  that 
comparisons  could  be  made  with  teats  conducted  along  a line  within  a total  distance  of  approximate- 
ly 100  feet, ) 
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Figure  1,  Location  of  Teat  Not.  454014'01  and  >06  through 
-OB,  and  Tcata  74071BA  through  740718E 
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ProlectUe  Deacrlotion 

Figure  3 showi  the  6.  6-ln.  projectile  (with  inatrumentation  and  telemetry  components)  which 
was  uaed  in  the  tests  lor  calculation  comparisona.  The  projectile  with  components  weighed  400 
pounds.  The  center  of  gravity  was  located  32, 1 in.  (63.  8 percent  of  body  length)  from  the  nose  tip. 
The  nose  was  a 0.25  caliber  radius  head  tangent  ogive  (length  to  diameter  ratio  of  3),^  The  projec- 
tile was  fabricated  from  D6AC  steel  which  was  heat  treated  to  a Rockwell  C hardness  of  42  with  a 
resulting  tensile  yield  strength  of  180,  000  to  100,  000  pal.  Table  I gives  a description  of  all  of  the 
projectiles, 

TABLE  1 

Projectile  Description 


Test  No. 

Diameter 
(in. ) 

Length 

<ini) 

Weight 

|lb) 

C.Q. 

From  Nose 
(in.) 

Nose 

Shabe 

464014-01 

6.0 

48 

283 

25.0 

6.0  CRH 

464014-02 

8,8 

80 

400 

32.1 

9.  26  CRH 

464014-03 

8.0 

46 

283 

26.0 

6.0  CRH 

464014-04 

6.0 

48 

283 

25,0 

6.  0 CRH 

484014-06 

8.6 

60 

400 

32.1 

9.  25  CRH 

464014-06 

6.5 

60 

400 

32.1 

9,  25  CRH 

404014-07 

8.6 

60 

400 

32.1 

9.  25  CRH 

454014-08  . 

4.13 

60 

200 

30.0 

9.  26  CRH 

464014-08 

4. 13 

60 

200 

30.0 

9.  26  CRH 

740717A 

1.66 

19.4 

9,3 

10.6 

L/d  ■ 2 Cone 

7407 18A 

3.06 

36.8 

30.7 

15.8 

6.  0 CRH 

7407 18B 

1.56 

19,0 

9.3 

10. 1 

6.  0 CRH 

740718C 

3.06 

36.8 

30.7 

15.8 

8.  0 CRH 

7407 18D 

1.66 

19.0 

9.3 

10.1 

6.  0 CRH 

74071BE 

3,00 

37.3 

67.3 

19.6 

6.  0 CRH 

Instrumentation  of  B-lnoh  Qun  Fired  Penetrators  — The  deceleration  data  from  the  8.  0-  and 
8,  S-ln.  -diameter  penetrators  was  transmitted  through  the  soil  via  a 10. 5 kHz  ±800  Hz  frequency 
modulated  carrier.  These  data  were  transmitted  by  two  methods;  a real  time,  single  channel, 
continuous  transmission  and  a delayed  time,  multichannel,  sampled  data  transmission.  During  gun 
launch  and  subsequent  deceleration,  the  output  of  a low  range  accelerometer  was  used  to  modulate 
the  low  frequency  carrier  directly.  This  allowed  the  continuous  recording  of  the  penetration  data 
in  real  time,  with  a maximum  frequency  response  of  1 kHz,  The  data  transmittal  time  was  con- 
trolled by  the  data  window  chosen  for  the  delay  time  transmission  scheme. 
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MASS  PROPERTIES 


Item 

Part  Identification 

Material 

Weight 

mm 

rtNtriAiot  sH(u 

mu 

ttr  III. 

q: 

nuo 

ALUMINUM 

1 All, 

n 

tiAca 

ALUMINUM 

0 IIS. 

n 

•AmiY  lACK 

ALUMINUM 

M ill. 

mm 

IICCTRONICS  HOUSINO 

aluminum 

I LIS, 

« 

IXtlOSIVt  IWITHC  t.W.I. 

tuctiOMieo 
> DLUI 

»MI  l«A« 

1 III. 

f 

IICNAI  CONIItlONINO  P.W.I. 

mm 

JUKClION  lOAIO 

mm 

MULritltXII  t.W.I. 

u 

A.'S  UMVUKR  t.lH.I. 

11 

tlMINC  MODULI  I.N.I. 

It 

SMirr  kio.  MiMOiv  i.w.i. 

It 

» •*  m • 

14 

• • • • 

II 

• • • • 

II 

lONtl  lUlllV  D.W.I 

II 

TRANIMimi  D.W.I. 

Kll 

tM  COVID 

aluminum 

1/4  lit. 

»j 

MIIOAD  ILATI  W/TIIM.  ID. 

aluminum 

1/4  lit. 

nil 

MIIOAI  IIATI 

mil 

tut. 

II 

ANUNNA  MtlOAO  UNO 

imi 

1 lit. 

m 

ANTINNA  ceil 

lOLTCAIIONAU 

} lit. 

n 

O’llNO  MtlOAD  UNO 

Slltl 

1 lit. 

n 


The  multichannel  delayed  tranamliaion  method  utilised  a pulse  code  modulator  (PCM) 
coupled  to  a semiconductor  memory.  The  output  of  the  low  range  aocelero meter,  a high  range  ac- 
celerometer, and  a battery  monitor  formed  the  database  for  this  technique.  The  PCM  encoded 
the  time  multiplexed  data  from  these  three  channels  with  six  bit  accuracy  at  a maximum  rate  of 
2B0K  bits/sec  (or  42K  samples/sec)  and  these  data  were  inputted  to  the  memory  during  decelera- 
tion. 


When  the  projectile  experienced  300g  launch  acceleration,  the  memory  load  cycle  was  initiated 
and  thu  memory  accepted  data  until  its  capacity  was  exhausted.  The  time  to  load  the  memory  was 
controlled  by  the  data  rate  (maximum  of  2S0K  bits/sec)  and  the  size  of  the  memory  (49,  IBS  bits 
for  this  test  series).  This  memory  load  time  also  controlled  the  data  window  for  the  real  time 
transmission.  Once  the  memory  was  filled  no  new  data  could  be  entered  and  the  output  of  the 
memory  became  the  modulating  signal  for  the  low  frequency  transmitter.  The  contents  of  the 
memory,  a "snap-shot"  of  the  launch,  and  deceleration  time,  were  repetitively  transmitted  through 
the  soil  at  IK  bits/sec  until  the  battery  power  was  depleted.  During  the  30-minute  battery  life 
following  penetration  the  deceleration  data  were  transmitted  to  the  surface  3S0  times. 

The  aeleotion  of  the  memory  load  cycle  time  (data  window)  required  a compromiae  between 
the  "safety  factor"  used  to  insure  that  the  window  was  sufficiently  wide  to  cover  the  projectile  ac- 
celeration in  the  barrel  and  the  deceleration  event,  and  the  quality  of  the  sampled  data  acquired, 
Operation  at  3B0K  b'ts/sec  would  provide  a data  window  of  only  300  ms,  but  would  result  in  suffi- 
cient samples  to  reo<-  nstruot  the.  lamped  deta  with  a 3K  He  response.  Reduction  of  the  bit  rate 
to  167K  bits/sec  would  result  in  a data  window  of  300  ms,  but  would  result  in  samples  sufficient 
only  to  reconstruct  the  data  with  a frequency  response  of  1. 4K  Hs.  Selection  of  a 600  ms  window 
would  have  resulted  in  data  reconstruction  with  a 700  Hz  frequency  response,  The  selection  of 
the  data  window  is  also  dependent  on  the  frequency  content  of  the  data  base  and  must  be  chosen  to 
prevent  aliasing  in  the  data  reconstruction.  This  was  the  limiting  factor  in  this  test  series. 

Based  on  preliminary  penetration  estimates  the  telemetry  systems  were  designed  to  provide 
a 200-ms  window.  Final  preshot  calculations  refined  this  estimate  and  Indicated  the  deceleration 
event  would  encompass  230  ms.  It  was  possible  to  modify  three  of  the  four  test  units  to  provide  a 
300-ms  window:  however,  time  did  not  permit  the  modification  of  the  fourth  unit  and  its  data 
window  remained  at  200  ms  (Teat  No.  464014-06).  Since  approximately  30  ms  of  tithe  elapses 
between  memory  load  cycle  initiation  (300g  launch  acceleration)  and  impact,  370  ms  of  penetra- 
tion data  could  bo  received  for  the  300-ma  window  and  170  ms  of  data  for  the  300-ms  window. 

Two  piezorealstive  accelerometers  were  used  to  sense  the  deceleration  event.  One  of  these 
was  ranged  to  provide  a full-scale  output  compatible  only  with  the  deceleration  through  the  soil 
and  was  overranged  during  launch.  This  low  range  accelerometer,  an  Bndevco  3361-M4,  was 
ranged  to  provide  a 2B0g,  full-scale,  deceleration  monitor.  The  sensitivity  of  the  second  accel- 
erometer was  selected  to  monitor  both  tlie  high  acceleration  launch  environment  and  comparatively 
lower  deceleration  through  the  soil.  This  high  range  accelerometer,  an  Bndevco  3361 -M6,  waa 
biased  to  give  a 3600  g range  for  launch  aoceleratlon  with  a BOOg  range  for  deceleration. 


10 


toitrumentatton  of  Air  Qun  Fired  Penetratora  --  The  3. 08-in.  -diameter  air  gun  penetratora 
were  fitted  with  a telemetry  package  which  yielded  real-time  acceleration  data.  It  utilized  a crya- 
tal  accelerometer,  uaable  from  8 to  lOOOg'a.  Data  tranamlaalon  for  thla  ayatem  la  in  the  230  to 
280  MHz  band  In  a conventional  FM/FM  telemetry  acheme,  uaing  a alm^e  auboarrler.  Real-time 
acceleration  data,  along  with  timing  and  velocity  data,  la  recorded  on  magnetic-tape  and  oacUlo- 
graphlo  reoordora.  Thla  ayatem  provldea  a uaable  aignal  down  to  approximately  eight  feet  in  dry 
aoila,  and  aomewhat  leaa  In  aaturated  aoUa. 

iMiB.eiv'iHt 

Penetration  Meaaurementa  and  Recovery  — Impact  oondltlona  and  penetration  roaulta  for  all 
teata  are  given  In  Table  □,  Included  in  the  table  are  the  three  different  impact  velocity  meaaure- 
menta (PC  board.  Image  motion  camera,  and  atreak  camera)  made  for  each  of  the  S-in,  recollleaa 
gun  ahota.  The  powder  charge  for  Teat  464015-05  failed  to  Ignite  properly  and  thua  the  projectile 
exited  the  gun  ao  alowly  that  none  of  the  Impact  velocity  methoda  worked. 

Penetration  depth  waa  determined  by  probing  the  penetration  holea  with  2-ln.  -diameter  drill 
atema.  A local  drilling  company  waa  hired  to  do  the  probing.  A truck  mounted  derrick  lowered 
approximately  30-foot  aectlona  of  2-in,  -diameter  drill  atem  Into  the  hole.  With  water  flowing 
through  the  drill  atem.  It  waa  lowered  Into  the  hole  under  Ita  own  weight  until  it  hit  the  baok  of  the 
projectile.  After  hitting  the  back  of  the  penetrator,  tha  operator  ralaed  and  dropped  the  atem  to 
be  aure  It  waa  in  contact  with  the  penetrator.  The  length  of  pipe  In  the  hole  waa  then  measured  to 
obtain  penetrator  depth. 

Two  projectUea  were  recovered  with  a "fiahlng"  technique  uaed  by  the  oil  induatry  to  recover 
toola  and  oaalnga.  Bear  Tool  Go.  Ltd. , Edmonton,  Canada,  waa  contracted  to  do  the  fiahing. 

In  order  to  recover  the  projectllea,  a 0-5/8  in.  regular  bit  waa  uaed  to  open  tha  hole.  Then  a 
7-3/8-in.  waah  overahoe  waa  uaed  to  Increaae  the  diameter  of  the  hole  further  and  to  go  over  tha 
projectile  and  (luah  the  attached  aoU  from  the  penetratora.  The  waahover  tool  waa  then  removed 
and  an  overahot  (catcher  unit)  tool  with  grapplera  waa  lowered  Into  the  hole  and  over  the  penetrator. 
The  grappler  aecured  the  penetrator  to  the  overahot  tool  and  waa  then  pulled  from  the  hole.  The 
454014-02  and  -07  penetratora  were  recovered  with  the  above  method. 

Deceleration  Data  --  The  8-in.  reooilleaa  gun  fired  penetratora  uaed  in  Teata  484014-01,  -02, 
-05,  -06,  '*07,  and  the  air  gun  propelled  penetratora  uaed  in  Teata  74071BA  and  C were  Inatrumented 
to  meaaura  rigid  body  deceleration  during  penetration.  The  -05  penetrator,  reworked  after  the  unauo- 
oeaaful  powder  ignition,  waa  uaed  for  Teat  -07. 

Data  Racalved  --  The  memory  and  real-time  data  (deceleration  time)  for  each  teat  are  ahown 
in  Flgurea  4 through  11.  The  data  from  the  memory  ayatem  are  ahown  exactly  aa  received  after 
digital -to -analog  oonveralon  The  raal-tlme  data  have  been  proceaaed  through  a 450  He  low  paaa 
filter. 
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D»ti>  Reduction  --  The  ourvee  In  Figure  12  ehow  how  the  deoeleratlon-time  record  Is  checked 
for  validity.  Only  deceleration  traoea  with  no  sero  shift  can  be  used.  A preliminary  calibration  of 
the  accelerometer/ telemetry  system  is  conducted  in  the  laboratory  before  the  test  (usually  on  a 
drop  table)  to  determine  the  ratio  of  the  accelerometer  output  (voltage)  to  the  applied  deceleration. 
Using  the  laboratory  calibration,  the  deceleration-time  trace  recorded  during  penetration  is  then 
integrated  which  gives  the  projectile  impact  velocity. 


Figure  12.  Deceleration-time  validity  check 


The  first  check  of  the  data  validity  is  to  compare  the  impact  velocity  determined  from  the 
telemetry  data  with  the  impact  velocity  measured  by  an  Independent  metliod  such  ns  Impact  cameras. 
If  the  two  velocities  do  not  agree  and  the  deceleration  trace  did  return  to  sero  at  the  termination  of 
the  penetration  event,  an  adjustment  of  the  laboratory  calibration  is  required.  For  final  dynamic 
calibration,  the  ordinate  scale  (deceleration)  is  increased  or  decreased  (the  shape  of  the  curve  is 
not  changed)  until  the  integral  of  the  deceleration  time  curve  agreeo  with  the  Independently  mea- 
sured impact  velocity,  A velocity-time  curve  is  then  constructed  by  graphical  integration  of  the 
new  deceleration-time  curve.  The  velocity-time  curve  is  then  integrated  to  obtain  projectile  depth 
which  is  then  compared  to  the  actual  projectile  depth  measured  in  the  field. 


If  both  the  impact  velocity  and  depth  determined  from  the  motion  curves  constructed  from  the 
recalibrated  deceleration-time  curve  agree  with  the  independent  measurements,  the  accelerometer 
is  now  properly  calibrated  and  the  shape  of  the  curve  is  assumed  to  be  correct.  However,  if  both 
velocity  and  depth  do  not  agree  with  the  independent  measurements,  it  must  be  assumed  that  a non- 
linear shift  did  occur  in  the  accelerometer  output  and  that  the  data  are  questionable, 
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After  the  validity  of  the  data  haa  been  establiahed,  croas  plota  of  velocity-depth  and  decelera- 
tion-depth are  constructed.  The  deceleration-depth  curve  is  nnoat  useful  in  studying  penetration  be- 
cause deceleration  levels  displayed  on  the  curve  at  a given  depth  can  be  compared  with  field  data  on 
the  material  penetrated  at  that  depth, 

The  only  8-in,  gun  test  where  a complete  deceleration  pulse  was  received  was  454014-07. 
These  data  were  calibrated  by  the  above  method  and  the  displacement  determined  by  double  integra- 
tion of  the  calibrated  deceleration-time  record  differed  from  the  probed  depth  by  6 percent  for  the 
real  time  data  and  10  percent  for  the  memory  data.  The  4 percent  difference  between  real  time 
and  memory  data  is  within  expected  system  tolerances  and  may  bn  Attributed  to  the  different  trans- 
mission frequencies  of  the  two  techniques,  The  6 percent  difference  between  probed  depth  and  inte- 
grated depth  is  within  the  tolerance  of  the  velocity  measurement. 

In  order  to  show  the  rigid  body  motion  of  the  projectiles  more  clearly,  the  memory  and  real- 
time deceleration-time  data  were  processed  through  a 200  Hz  low  pass  filter.  To  insure  that  the 
filtering  did  not  affect  the  rigid  body  data,  the  200  Hz  filtered  data  were  processed  exactly  like  the 
unfiltered  memory  and  450  Hz  filtered  real-time  data.  Both  sets  of  processed  data  (velooity-time 
and  displacement  time)  for  a typical  test,  454014-06,  are  given  in  Figures  13  and  14, 


A comparison  of  these  figures  shows  that  the  200  Hz  filtered  data  yield  the  same  results  as 
the  unfUtered  data.  The  data  for  all  of  the  teats  were  processed  in  the  above  manner  and  the  filter- 
ing did  not  affect  the  results.  The  200  Hz  filtered  processed  data  for  the  other  tests  is  included 
in  Appendix  A, 


Figure  13a,  Test  H454014-06,  7/15/74,  low  g 
accelerometer  (memory  calibrated) 
displacement  vs,  time 


Figure  13b.  Test  R4 54014 -06.  7/15/74,  low  g 
accelerometer  (memory  c^ibrated) 
200  Hz  LPF,  displacement  vs.  time 


Displacement  (ft) 


Figure  14a.  Teat  R4S4014-00.  7/ IS/ 74.  low  g 
accelerometer,  10.  5 kHa  (real 
time  uncorrected)  4B0  Ha  LPF, 
dlaplacement  va.  time 


Figure  14b,  Teat  R4B4014*0e,  7/1  S/74,  low  g 
accelerometer,  10.  B kHz  (real 
time  unoorrected)  200  Hz  LPF, 
dlaplacement  va.  time 


Complete  deceleration  pulaea  were  not  obtained  on  Teata  4S4014»01,  >02,  and  -06  beoauae 
the  time  duration  of  the  penetration  event  uxceeded  the  data  window  acqulaltlon  time,  (See  inatru- 
mentatlon  aection. ) Since  a complete  pulae  waa  not  obtained  in  the  -01.  -02,  and  -OC  teata,  there 
ia  no  way  to  be  abaolutely  aure  that  no  zero  ahlft  occurred;  however,  no  zero  ahlft  occurred  In 
either  teata  -07  or  any  of  the  teata  conducted  In  preparation  for  the  Canadian  teat  aeries.  Aaaum- 
ing  that  no  zero  ahlft  occurred,  the  partial  records  were  calibrated  In  the  following  manner; 


1.  The  recorded  deceleration-time  pulae,  ualng  the  laboratory  calibration  of  the  ratio 
of  accelerometer  output  voltage  to  the  applied  deceleration,  waa  Integrated  to  obtain 
a velocity-time  curve.  The  Initial  velocity  uaed  in  conatructlng  the  v-t  curve  waa 
the  velocity  measured  with  impact  cameraa. 

2,  The  velocity-time  curve  waa  then  Integrated  to  obtain  a dlaplaoement-tlme  curve, 

3,  Croaa  plota  were  then  constructed  to  obtain  velocity-depth  and  deceleration -depth 
curves, 

4.  The  velocity-depth  curve  was  then  studied  to  determine  If  an  extrapolation  of  the 
curve  to  zero  velocity  yielded  a depth  within  6 to  10  percent  of  the  probe  measured 
depth.  If  these  depths  did  not  agree,  a linear  calibration  of  the  recorded  decelera- 
tion-time record  was  made  and  the  process  was  repeated. 
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Commenti  on  Data  --  The  memory  and  real-time-  data  for  Teat  -01  could  not  be  calibrated  by 
the  above  technique.  All  of  the  curvet  are  Included  (Figures  A-1  through  A-10),  but  mutt  be  con- 
tldered  quettionable  data.  It  appeart  that  a burst  of  noise,  perhaps  caused  by  the  receiving  colls 
being  located  at  a null  point  for  the  depth  of  penetration,  gave  a falsa  deceleration  In  the  real  time 


The  calibration  worked  well  for  Test  -02  and,  as  can  be  seen  In  Figures  A-14,  A-IS,  A-19, 
and  A -20,  data  were  received  for  approximately  08  percent  of  the  penetrator  depth  and  270  ms  out 
of  the  approximately  290  to  300  ms  of  penetration.  No  calibration  was  required  for  Test  -03. 

Data  Analysis  --  Cross  plots  of  deceleratlon-dlaplacement  for  Tests  494014-02  and  -OB  were 
analysed  to  determine  depth,  thickness,  and  penetrability  of  each  layer  of  the  penetrated  medium  at 
each  of  the  two  locations.  Impact  points  for  Tests  -02  and  -OS  were  approximately  100  feet  apart. 
The  analysis  assumed  that  an  Increase  or  decrease  in  rigid  body  penetrator  deceleration  occurred 
when  the  penetrator  nose  entered  a laysr.  It  further  assumed  that  the  penetrator  rigid  body  decel- 
eration was  constant  after  the  nose  was  completely  into  the  layer  and  remained  constant  until  the 
nose  began  to  exit  that  layer  to  enter  the  next  layer.  It  was  necessary  to  Idealise  the  deceleratlon- 
dlsplacemant  curves  so  that  the  depths  where  rigid  body  deceleration  changed  and  the  displace- 
ments where  deceleration  remained  constant  could  be  determined, 


loohj  js  a M 


Displacement  (ft) 

Figure  19.  R-494014-02.  real  time,  200  Hz,  LPF, 
deceleration-displacement  with  dashed 
line  representing  idealized  curve. 


The  dashed  line  In  Figure  19  is  the  Idealised  curve  for  Test  -02,  The  thickness  of  the  layers 
and  their  depths  were  determined  using  the  above  assumptions  and  the  Idealised  curves.  Projectile 
rigid  body  deceleration  In  each  layer  was  then  obtained  from  the  idealised  curves.  The  results  are 
recorded  in  Table  ill.  These  results  were  then  used  for  Inputs  Into  the  Sandla  Empirical  Depth 
Prediction  Equation,^  and  "S"  numbers  (index  of  soil  penetrability)  were  calculated.  Calculated  S 
numbers  for  each  layer  are  recorded  in  Table  III. 
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Once  the  S numbers  were  calculated  for  Test  *02,  they  were  used  with  the  empirical  depth 
prediction  equation  of  Reference  5 to  calculate  depth  of  penetration  for  all  of  the  other  8-ln.  gun 
fired  testa.  Then  the  S numbers  calculated  from  Test  *06  data  were  used  to  calculate  depth  of 
penetration  for  all  of  the  other  8-ln.  gun  fired  tests.  Table  IV  gives  the  results  of  the  analysis 
and  tlie  percent  difference  between  predicted  depths  using  the  experimentally  determined  S numbers 
and  the  actual  measured  depths.  The  results  are  well  within  the  published  20  percent  prediction 
accuracy  stated  for  the  prediction  equation  for  all  testa  except  -08  and  -09.  Since  the  penetration 
depths  for  these  two  tests  were  86, 1 and  69, 0 feet,  while  the  penetration  depths  for  the  tests  used 
to  determine  S numbers  (Testa  -02  and  -06)  were  only  48. 3 and  67. 6 feet,  good  correlation  could 
only  be  expected  If  the  last  layer  from  Teat  -02  or  -08  was  of  constant  penetrabttlty.  The  actual 
penetration  results  of  Testa  -08  and  -09  Indicate  that  there  was  a harder  layer  of  material  below 
the  6B-foot  depth. 


TABLE  111 

Layer  Data  Derived  From  Deceleration-Displacement  Curves 


Layer 

No. 

Thickness 

...Itti— 

Depth  to 
Layer 

. JUl . 

Deceleration 

(ai 

S 

Number 

464014-02 

1 

5 

0 

42 

16.7 

2 

8 

5 

77 

9.6 

3 

7 

13 

42 

18.7 

4 

10 

20 

73 

11.6 

5 

Assumed 

Infinite 

30 

37 

28,0 

454014-06 

1 

6 

0 

66 

12.5 

2 

6 

5 

105 

8.1 

3 

15 

12 

42 

20.7 

4 

7 

27 

84 

11.7 

6 

Assumed 

34 

50 

21.0 

Infinite 
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TABLE  IV 


Penetration  Prediction  Ualng  Teats  -03  and  -06  Docoleratlon  Data 
Measured 


Test 

Depth/Volocity 

Calculated  Depth 

% 

Calculated  Depth 

% 

i 

No. 

(ft/fps) 

-03  S Nos. 

Dlff. 

-06  S Nos. 

Dlff. 

1 

-01 

73.  3/683 

60.6 

6 

70.6 

4 

t 

1 

-02 

46,3/403 

48.3 

0* 

46.3 

5 

1 

-03 

30.8/410 

30,3 

1 

38, 1 

4 

' 1 

-04 

66.  7/639 

67,6 

3 

60.3 

6 

1 

t 

-06 

67.  0/493 

76.3 

13 

67.9 

0* 

1 

; 

-07 

29,8/306 

37,3 

10 

30.7 

0,3 

i 

1 

-08 

99,  0/660 

143.3 

44 

119.6 

31 

-06 

86. 1/619 

131.8 

63 

111.3 

39 

I 


numbers  were  oalculatsd  from  this  test  and  therefore  the  calculated  and  measured 
depths  are  equal. 


Conclusions 


Dats  from  all  of  the  testa  except  464014*01  are  believed  to  be  correct  and  to  be  a oorreot 
representation  of  the  rigid  body  deoaleration  of  the  penetrators.  The  deceleration-time  dats 

recorded  in  Teat  464014*01  is  questionable  because  a burst  of  noise  during  the  first  40  ms  of  | 

penetration  gave  a false  deceleration  pulse  on  the  record.  Due  to  this  apparent  deceleration,  the 
data  could  not  be  calibrated. 

Analysis  of  the  data  derived  from  the  Deceleration-Displacement  curves  of  Tests  464014-03  | 

and  -06  indicates  that  five  different  layers  of  penetrability  occur  in  the  first  66  feet  of  depth.  The  . | 

indices  of  penetrability  <S  numbers)  derived  from  the  -03  and  -06  data  adequately  describe  the  | j 

penetrability  of  the  overall  test  area.  Calculated  penetration  depths,  using  the  Sandia  Empirical  j I 

Depth  Penetration  Equation  and  soil  penetrability  numbers  derived  from  Tests  464014-03  and  -06  , | 

data,  compared  with  actual  measured  depths  withlp  less  than  13  percent  for  all  tests  where  penetra-  1. 1 

tor  depths  did  not  exceed  the  66-foot  depth  for  which  deceleration  data  were  available,  For  the  two  | 

tests  with  penetrator  depths  greeter  than  06-foot  (-06  and  -09)  calculated  depths  were  greater  than  | 

measured  depths  by  31  to  63  percent,  This  large  variation  leads  to  the  conclusion  that  another.  , j 

less  penetrable  layer,  exists  below  the  68-foot  level,  j 
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APPENDIX  A 


R45401-01  DMA  Canadian  Tegt.  ^est  date.  7/lZlli  ’Figure  A-*.  R454014-C1  DNA  Canadian  Test,  test  date,  7/13/74. 
low  g ace elerometer  (memory  calibrated)  200  Bs  LPF  low  g accderometer  (memory  calibrated)  200  Bz  LFF 

displacement  vs.  time  deceleration  va.  displacement 


i4fcr.i 


K4S4014-0S  mA  Canadian  Test,  test  date.  Figare  A-SI.  B454014-07  DMA  Canadian  Test,  test  date.  7/16/74 

lav  g accdeiometer  {memory  calibrated)  low  g aeoderometer  {memory  calibrated)  200  Hx  LPF, 

vdocityvs,  displaoement  deceleration  ts.  time 


penetrometer  test  740718A,  Velocity  Figure  A-44.  Air  gnn  penetrometer  test,  740718  A.  Displacement 
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Director 

Interiervioe  Nuclear  Weaponi  School 
ATTNi  Technical  Library 

Director 

Joint  Strategic  Target  Planning  Staff,  JCS 
ATTNi  8TINFO  Library 

Chief 

Livermore  Dlvlilon,  Field  Commend,  DNA 
ATTNi  FCPRL 

Weaponi  Syatemi  Evaluation  Croup 
ATTNi  Dooumint  Control 

DEPARTMENT  OF  THE  ARMY 


Aiiletant  Chief  of  Staff  for  Force  Oevelopmeut 
Department  of  the  Army 

ATTNi  Technical  Library 
ATTNi  Dir.  otChem.  ( Nuo.  Ope. 


DEPARTMENT  OF  THE  ARMY  (Continued) 

Dlreotor 

Balllitlo  Mliille  Defenie  Advanced  Technical  Center 
Huntivllle  Offloe 

ATTNi  CROABH-S 
ATTNi  ICRDABH-X 

Manager 

Balllitlo  Mlieile  Defenie  Program  Offloe 
ATTN:  John  Shea 

Headquarteri 
Central  Army  Croup 

ATTNi  CENEN,  LTC  J,  L.  Spruill 

Chief  of  Reiearoh,  Development  li  Aoqulaltlon 
Department  of  the  Army 

ATTNi  Technical  Library 

ATTNi  DAMA-esM-N,  LTC  E.  V.  DeBoeaer,  Jr. 

Commander 
Frankford  Areenol 
ATTNi  L.  Baldinl 

Commander 

Harry  Diamond  LaboratorloH 
ATTNi  Frank  J.  Vraterlo 
ATTNi  Allen  Holmea 
ATTNi  AMXD041BH,  Jamai  H,  Owaltney 
ATTNi  AMXDO-NP 

Department  of  the  Army 
Office  Chief  of  Bnginoeri 
2 oy ATTNi  DABN>MCE-D 
2 oy  ATTNi  DAEN*RDM 

Commander 
Pioatinny  Arional 

ATTNi  Paul  Harm 
ATTNi  Ernie  Zlmpo 
ATTNi  Technical  Library 
ATTN:  P.  Angellotl 
ATTNi  Jerry  Pontal 
ATTNi  HayColditeln 
ATTNi  Marty  Margolin 
ATTNi  William  Moyer 
ATTNi  Roy  Mooiner 


Dlreotor 

U.S.  Army  Balllitlo  Roiearoh  Laboratoriei 
ATTNi  J.H.Kcofor 
ATTNi  0.  Uoeokor 
ATTNi  Norrli  J.  Huffington,  Jr. 

ATTNi  B.  Reiter 

ATTNi  W.  Taylor 

ATTNi  AMXBR-TB,  J.  T.  Frailer 

ATTNi  AMXBR-X,  Jullui  J.  Meizaroi 

ATTNi  J.  W.  Apgar 

ATTNi  C.  Crabarek 

ATTN:  D.  Dunn 

S oy  ATTNi  Technical  Library,  Edward  Balcy 

Commander  li  Director 

U.S.  Army  Cold  Region  Rei.  Engr.  Lab, 
ATTNi  C.  Swlniow 


^i^DXN}  Kjotumt  num 
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DEPARTMENT  Of  THE  NAVY 


Commandar 

U.S.  Army  CommunloatloBa  Command 
ATTN)  Taohnloai  Library 

Project  Engineer 

U.S.  Army  Engineer  Dlitrlot,  Huntavllle 
ATTN)  HNOSB-R,  Miohael  M.  Dumbo 

Otvlalon  Engineer 

U.O.  Army  Engineer  Dlitrlot,  Ohio  River 
ATTN)  Teohnloal  Library 

Dlreotor 

U.S.  Army  Engineer  Wntorwaya  Experiment  Station 
ATTNi  A.  Rooke 
ATTN:  Leo  Ingram 
ATTN)  Quy  Jaakaon 
ATTN)  0.  K,  Butler 
ATTN)  John  N.  Strange 
ATTN)  P.  Nndala 
ATTN)  KlmOavla 
ATTNi  Technical  Library 
ATTN)  William  Flathau 
ATTNi  Behaad  RohanI 

Commander 

U.S.  Army  Matarlali  <i  Meohanloe  Reaearoh  Center 
ATTNi  John  Meeoall 
ATTNi  Teohnloal  Library 
ATTN)  Richard  Shea 

DU'eolor 

U.S.  Army  Materiel  Syetama  Analyali  Agency 
ATTNi  M.  Reohea 
ATTNi  Joeeph  Speraiaa 

Commander 

U.S.  Army  Materiel  Commond 
ATTN)  Technical  Library 

Hoy  ATTNi  AMCRD-BN 

2 cy  ATTNi  AMCRD-WN 

Commander 

U.S.  Army  Material  Command 

ATTN)  Reaearoh  li  Conoopta  Branch 

Commander 

U.S.  Army  Mlaalle  Command 
ATTNi  Teohnloal  Library 
ATTNi  F.  Fleming 
ATTNi  W.  Jonn 

Commander 

U.S.  Army  Nuclear  Agency 
ATTN)  Technical  Library 
ATTNi  MAJ  F.  P.  Welohel 
ATTNi  col  Quinn 

Commandant 

U.S.  Army  War  College 
ATTN)  Library 

Commander 

U.S.  Army  Weapona  Command 
ATTNi  Teohnloal  Library 
ATTNi  COLC.  Treat 
ATTNi  Frank  Black 


Chief  of  Naval  Reaearoh 

Navy  Department 

ATTNi  Teohnloal  Library 

Officer- In- Charge 

Civil  Engineering  Laboratory 
ATTNi  R.  J.  Odello 
ATTN)  Teohnlcal  Library 

Commander 

Naval  Bleotronlo  gyetema  Command 
ATTNi  PME  117- 21A 

Commander 

Naval  Facilities  Engineering  Command 

Headquarters 

ATTNi  Teohnloal  Library 

Superintendent 

Naval  Poatgraduate  School 

ATTN)  Code  2124,  Tech.  Rpta.  Lib. 

Director 

Naval  Research  Lalmratory 

ATTNi  Code  2027,  Teohnloal  Library 

Commander 

Naval  Surface  Weapons  Center 

ATTNi  Code  1224,  Navy  Nuo.  Prgms.  Off, 

ATTNi  Code  730,  Technical  Library 

ATTNi  a.  Briggs 

ATTNi  Robert  D.  Hetdonreloh 

ATTNi  Jules  Rnig 

ATTN)  MaryP.  King 

ATTNi  Mr.  Kasdorf 

Commander 

Naval  Surface  Weapons  Center 
ATTN)  M.  Welland 
ATTN)  Ted  Wllllama 
ATTN)  William  Wlsherd 
ATTN)  Technical  LIbrory 

Commander 

Naval  Weapona  Center 
ATTN)  Paul  Cordle 
ATTN)  Carl  Austin 
ATTN)  Code  A33,  Teohnloal  Library 

Commanding  Officer 

Naval  Weapons  Evaluation  Facility 
A'lTN)  Teohnloal  Library 

Olreotor 

Strategic  Systems  Project  Office 

ATTNi  NSP-43,  Technical  Library 

DEPARTMENT  OF  THE  AIR  FORCE 

AF  Armament  Laboratory,  AFSC 
ATTNi  MaJ  Thomas  Tomasettl 
ATTNi  Maaey  Valentine 
ATTN:  DL03L,  Library 
ATTNi  Dr.  Kuip 
ATTNi  William  Cramer 
ATTNi  Leonard  Wilson 
ATTNi  JohnColllna 
ATTN)  Capt  Larry  Looney 
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department  or  THR  air  gORCE  (ContInuBd) 

AF  Inctitute  of  Technology,  AU 

ATTNi  Library,  AFIT,  Bldg.  S40,  Area  B 

AF  Weapon!  Laboratory,  AFSC 
ATTNi  SUL 
ATTN:  Robert  Port 
ATTNi  DEV,  M.  A.  Plamondon 

Haadquortera 

Air  Force  Slyitema  Command 
ATTNi  Toohnlunl  Library 

Commander 

Armament  Devolopmonl  b Teat  Cantor 
ATTNi  Teohnloal  Library 

Commander 

Foreign  Technology  DIvlalon,  AFSC 
ATTNi  TD-BTA  Library 

HQU8AF/IN 

ATTNi  INATA 

HQUBAF/RO 

ATTNi  RDPM,  Col  J.  E.  McCormlok 
Commander 

Rome  Air  Development  Center,  AFSC 
ATTNi  EMTLD,  Document  Library 

SAMSO/OE 

ATTNi  DEB 

ENEROY  RESEARCH  * DEVELOPMENT  ADMINISTRATION 

DIvlalon  of  Military  Application 
U.8.  Enargy  Reaearoh  b Development  ,\dmlnlatratlon 
ATTNi  Document  Control  for  Teat  Office 

Loa  Alnmoa  Solonllflc  Laboratory 

ATTNi  Document  Control  for  a.  Dliila 
ATTNi  Dooument  Control  for  llcportH  Library 
ATTNi  Dooument  Control  for  Tom  Dewier 
ATTNi  Document  Control  for  C , Cromer 

Simdla  Lnboratorloe 
Livermore  Laboratory 

ATTNi  Document  Control  for  Teohnloul  Library 
ATTNi  Dooument  Control  for  T.  Cold 


ENERGY  RESEARCH  b DEVELOPMENT  ADMINISTRATION 
(continued) 

U.S.  Energy  tteaenreh  i Development  Admlnlatratlon 
Albuquerque  Operattona  Office 

ATTNi  Dooument  Control  for  Teohnloal  Library 

U.S.  Energy  Reaoaroh  b Development  Admlnlatratlon 
DIvlalon  of  Headquartera  Servloea 

ATTNi  Dooument  Control  for  Olaaa.  Tech.  Lib. 

U.S.  Energy  Roaoaroh  b Development  Admlnlatratlon 
Nevada  Operation!  nffioo 

ATTNi  Dooument  Control  for  Technloal  Library 

OTHER  GOVERNMENT  AGENCIES 


Bureau  of  Mlnoa 

ATTNi  R.  E.  Thill 

DEPARTMENT  OF  DEFENSE  CONTRACTORS 


Aeroapnoc  Corporation 
ATTNi  Goorgo  Young 
ATTNi  R.  Strlokler 
ATTN:  Tooh.  Info.  Sorvicoa 

Agbnblan  Aaaocintoa 
ATTNi  M.  Agbiiiiliin 

Applied  Thcor.y,  Inc. 

2 oy  ATTNi  John  Cl.  Trullo 

Avoo  Roaeiiroh  b Ryatema  Group 
ATTNi  Dnvld  Hondoraon 
ATTNi  John  Atmutaoff 
ATTNi  Roaoaroh  Library,  AS30,  Rm.  7201 
ATTNi  Frank  Luahrr 

Uattclle  Mi'inoi'lal  Inatltute 
ATTNi  Tccltnlonl  Library 

The  DDM  Cor))orntlon 

ATTNi  Honk  Ponatord 

The  DDM  Corporation 

ATTNi  Teohnloal  Library 

Thu  llooing  Company 

ATTNi  RoyiioldAllaa 
ATTNi  Ai'roai)iioo  Library 
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Sundla  Lttlxiruiorloa 

ATTNi  Dooument  Control  for  3 HI,  Snndin  Hpt.  C.nll. 
ATTNi  Dooument  Control  fur  Woltor  llerrmnnn 
ATTN:  Document  Control  for  John  Colp 
ATTNi  Document  Control  tor  William  Pnttoraon 
ATTNi  Document  Control  tor  John  Kelnur 
ATTNi  Document  Control  tar  W.  Allamelror 
ATTNi  Document  Control  tar  William  Caudle 
ATTN:  Dooument  Control  for  Luke  J.  Vorlinun 

Univeralty  of  Calltarnlu 
liawronuc  Livermore  Laboratory 
ATTN:  Tech.  Info.  Dept.  L-3 
ATTNi  Larry  W.  Woodruff,  L-123 
ATTNi  Document  Control  for  W.  Scnnlln 
ATTNi  Mark  Wllkina 

ATTNi  Dooument  Control  for  R.  L.  Walker 
ATTNi  Frank  Walker 


Ciilltarnta  Rcaonroh  fi  Technology  Inc. 
ATTNi  Ken  Kreyenhngon 
ATTNi  Teohnloal  Library 

CIvll/Nuolenr  Syatema  Corp. 

ATTNi  Robert  Crawford 


EU&G,  Inc. 

Allmquerque  DIvlalon 

ATTNi  Teohnloal  Library 

UenornI  Dymimloa  Corp. 

Pomona  Oticralion 

ATTN:  Keith  Andurion 

(lenoral  Eleotrlo  Company 
TEMPO-<lenter  tar  Advanced  Studlca 
ATTNi  DA8IAC 
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DEPARTMENT  OF  DEFKNBE  CONTRACTORS  (Contlnuad) 


ItT  Rotearoh  Institute 

ATTN;  Teohnloftl  Library 

Institute  for  Oofenso  Analyses 

ATTN;  IDA,  Librarian,  Ruth  S.  Smith 

J.  L.  Merritt 

Consulting  A Special  Engr.  Sva,,  Ino, 

ATTNi  J.  L,  Merritt 
ATTN;  Teohnloal  Library 

Kaman  Avldyne 

Division  of  Kaman  Solenoaa  Corp, 

ATTN;  Norman  P.  Hobba 
ATTN;  Teohnloal  Library 
ATTN;  K.  8.  Crlselons 

Kaman  Sulenoes  Corporation 
ATTNi  Library 

Lockheed  Missiles  A Space  Co.  Ino. 

ATTN;  Teohnloal  Library 

Lookhoed  Mlssllea  A Spaoe  Co, 

ATTNi  Tech.  Info.  Ctr.,  0/Coll, 

Martin  Marietta  Aero  spaoe 

Orlando  Division 
ATTNi  Al  Cowan 
ATTNi  M.  Anthony 

Nathan  M.  Newmark 

Consulting  Englnserlng  Services 
ATTNi  Nathan  M.  Newmark 

University  of  New  Mexico 

Dept,  of  Campus  Security  A Pollco 
ATTN;  n.  E.  Trlandafalldls 
ATTN;  H.  D,  Southward 

Physics  International  Company 

ATTN;  Dnoument  Control  for  Dennis  Orphal 
ATTNi  Document  Control  for  Robert  Swift 
ATTNi  Document  Control  for  Larry  A.  Behrmann 
ATTNi  Documont  Control  for  Fred  M.  Sauer 
ATTNi  Document  Control  for  Charles  Godfrey 
ATTNi  Dooiimont  Control  tor  Teohnloal  Library 

RAD  Associates 

ATTNi  Harold  L.  Brode 
ATTNi  Henry  Cooper 
ATTNi  Teohnloal  Library 
ATTN;  Cyrus  P.  Knowles 
ATTN;  J.  Q.  Lewis 
ATTN;  William  13.  Wright,  Jr, 

Solenoe  Applications,  Ino, 

ATTN;  D.  B.  Maxwell 
ATTN;  David  Bernstein 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Contlnu 


Solenoe  Applloations,  Ino . 

ATTNi  William  M,  Layson 

Solenoe  Applloations,  Ino. 

ATTN:  C,  Hudson 
ATTNi  Teohnloal  Library 

Stanford  Research  Institute 
ATTNi  Lynn  Seamans 
ATTN;  SRI  Library,  Rm.  Q-021 
ATTN;  Oeorga  R.  Abrahamson 
ATTN;  Carl  Peteraon 

Systems,  Solenoe  A Software,  Ino. 
ATTNi  Donald  R,  Orlne 
ATTNi  Robert  T.  Allen 
ATTNi  Teohnloal  Library 

Terra  Tek,  Ino. 

ATTNi  Sidney  Orern 
ATTNi  a.  H.  Jones 
ATTN;  Teohnloal  Library 

Texes  A A M University  System 
ATTNi  Harry  Coyle 

TRW  Systems  Group 

ATTNi  Teoh.  Info.  Ctr.,  S-X9S0 

University  of  Oklahoma 

Reeearoli  Institute 

ATTNi  John  Thompson 

Weidlinger  Assoo.  Consulting  Bnglneere 
ATTNi  j.  W,  Wright 
ATTNi  Melvin  L.  Baron 

Wetdllnger  Assoc.  Consulting  Engineers 
ATTN;  J . Isenberg 
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